Abstract. Cu-AI-Ni shape memory alloys processed by powder metallurgy show very good thermomechanicai properties, being the mechanical behavior similar to the one observed in single crystals. In this paper we present the microstructural characterization of a sample elaborated by powder metallurgy in two different stages of the process : after being compacted by Hot Isostatic Pressing (HIP) and after compaction and hot rolling, in order to find the microscopic mechanisms responsible of their mechanical behavior. The characterization has been carried out by means of Scanning Electron Microscopy using Backscattered Electron Imaging (SEM-BSE) and Electron BackScattered Diffraction (EBSD), as well as Transmission Electron Microscopy (TEM).
INTRODUCTION

Cu-AI-Ni
Shape Memory Alloys (SMA) are preferential candidates to be used as " smart materials " due to their particular thermomechanical properties, such as shape memory effect, two way shape memory effect, pseudoelasticity and high dumping capacity [1] . Nevertheless, Cu-Al-Ni polycrystals are brittle [2] and therefore, it is necessary to improve their thermomechanical behaviour in order to guarantee the reliability required for technological applications. This fact has produced the developmentof several elaboration methods like the addition of grain refiners [3] or melt spinning [4] . However, these methods still show some disadvantages, which have led to the use of powder metallurgy to improve the ductility of Cu-AI-Ni SMA [5, 6] . In previous works [7] [8] [9] , a new powder metallurgy processing method was developed. This methodology is based on the compaction by Hot Isostatic Pressing (HIP) of the prealloyed powder particles obtained by gas atomization and the subsequent hot-rolling of the as-compacted product to obtain the final alloy. Samples elaborated using this procedure show better thermomechanical properties than samples elaborated by any other powder metallurgy process, and the fracture behavior is also much better than the one observed in polycrystalline alloys processed by any other elaboration method.
In fact, powder metallurgy alloys show a fracture strain about 13% and a complete recovery of a deformation of 7% by shape memory effect. However, the microstructure introduced by the powder metallurgy elaboration process, which is responsible of the ductility improvement, is still under study.
Moreover, the final hot rolled alloy shows better thermornechanicai and fracture behaviour than the ascompacted product, which fractures upon a very ! ow déformation amouat (around 2% according to [9] ). t. Therefore, in this paper we present a complete microstructural characterization by means of Electron Microscopy of an alloy obtained using the powder nietallurgy method described in [7] [8] [9] in two different stages of thé élaboration process (affer HIP compsction and after bot rollmg). Thé aim of the work os to find the reasons which make the hot rolledsa-mipleshow better thermomechanialprop. rties than the as--C com, pa. ot-, d sample 2. EXPERIMENTAL PROCEDURE An alloy of composition Cu-14. 2AI-4. 2Ni (%wt.) has been elaborated using the powder metallurgy processing method reported in [7] [8] [9] . Two different samples were selected for the study : the as-compacted Figure 1 shows SEM micrographs corresponding to samples A and B. In sample A the spherical powder particles used for compacting can be easily recognized, since they have not been strongly distorted during IY 9 compaction (figure la). These particles are surrounded by a thin oxide film produced on the particle surface after the atomization process, which can be recognized in the SEM micrograph as a thin black line. This film partially stops grain growth when compacting and, also, prevents intergranular cohesion during compaction. This fact could partially explain the brittle fracture observed in this sample [8] .
However, after hot rolling, the oxide film is broken and the spherical shape of the grains cannot be recognized anymore, since grains have grown in the rolling direction (figure Ib). In this way, although there is an important increase of the grain size, this fact improves intergranular cohesion in a way which could be directly connected to the ductility improvement. On the other hand, sample B shows a subgrain structure inside the grains which is not observed in sample A (see figure 1) . Therefore, these subgrains are supposed to appear during the hot rolling process. This fact is easily confirmed through the EBSD study. In the rotation angle histogram of a representative zone of sample A (figure 2a), a very low density of low misorientation boundaries is observed. In fact, the majority of the grains are randomly oriented, which explains the gaussian aspect of the subboundaries s This fact is the most important difference beween samples A and B and could be the main responsible of the strong difference observed in the thermomechanical behaviour of both specimens. Anyway, quantitative results on the microtexture of both samples will be discussed elsewhere [11] .
TEM studies show that the subgrains observed in the SEM images are limited by subboundaries composed of superdisiocations [12] [13] [14] , as it can be seen in figure 3a which corresponds to a TEM bright field image of a representative zone of sample B. While plastically deforming the sample, dislocations can move until they reach to a subboundary which absorbs them, slightly increasing its misorientation angle. In this way, subboundaries can act as a sink of dislocations, and this explains the fact that sample B can be deformed a high amount before fracture occurs [8] . However, sample A fractures immediately since there are no subboundaries which allow large movements of dislocations and because of the brittleness induced by the high density of small oxide particles along the surface of the powder particles.
Finally, it is also important to know whether this complex microstructure could be a drawback for the shape memory properties. Figure 3b shows a bright field TEM image in which martensite plates passing through several subboundaries present in sample B can be seen. In this way, the presence of the subboundaries improves the ductility of the alloy, without being an obstacle for the movement of martensite plates during martensitic transformation. Therefore, martensite plates can propagate large distances without being stopped by the subboundaries. In that sense, a similarity between the hot rolled sample and single crystals can be pointed out.
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